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1 Shape Theory –old problems and new
solutions
1960 Borsuk shape ,
– ‘stability’,
, ‘bad ’ , , ‘good ’ shape
?’ . :
Problem 1. Give necessary and sufficient conditions for a connected
finite-dimensional compactum $X$ to have the pointed shape of a
CW-complex.
Problem 2. Give necessary and sufficient conditions for a connected
finite-dimensional compactum $X$ to have the pointed shape of a
a finite CW-complex.
, 70 , D. A. Edwards and
R. Geoghegan , [Ed-Ge]
. :
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Problem 1 : $X$ has the pointed shape of a $\mathrm{C}\mathrm{W}$-complex if and
only if each of its pro-homotopy groups is stable.
Problem 2 : $X$ has the pointed shape of aafinite CW-complex
if and only each of its pro-homotopy groups is stable and its Wall
obstruction $\omega(X, x)\in\tilde{K}_{0}(\mathbb{Z}[\check{\pi}_{1}(x, X)])$ vanishes.
Wall finiteness obstruction .
1.1. $X$ finitely dominated { , finite CW-complex
$P$ maps $f$ : $Xarrow P,$ g:- $\dot{P}^{-}arrow Xs.t$. $g\circ f=id_{X}$
.
,compact ANR $X$ finitely dominated , ,compact
finitely dominated . ‘compact ANR finite CW-
complex homotopy equivalent ?’ Borsuk
. West [We] . , ‘finitely
dominated finite $\mathrm{C}\mathrm{W}$-complex homotopy equivalent
?’ J. H. C. Whitehead
. Milnor [M] l , finitely dominated $\mathrm{C}\mathrm{W}$-complex
homotopy equivalent , , ‘finitely dominated
$\mathrm{C}\mathrm{W}$-complex finite $\mathrm{C}\mathrm{W}$-complex homotopy equivalent
?’ . ,Milnor [M] , ‘
, ’ .
,Wall [Wa] l , ‘Wall’s finiteness obstruction’
‘finitely dominated $\mathrm{C}\mathrm{W}$-complex finite $\mathrm{C}\mathrm{W}$-complex homotopy
equivalent ’ algebraic $\dot{\mathrm{K}}$-theory invariant
. :
1.1. $A$ finitely dominated space $X$ has afiniteness obstruction
$\sigma(X)\in\tilde{K}_{0}(\mathbb{Z}[\pi_{1}(x, x)])$
such that $\sigma(X)=0$ if and only if $X$ is homotopy equivalent to a finite
CW-complex.
,compactum $X$ $\mathrm{C}\mathrm{W}$-complex shape $X$
finite $\mathrm{C}\mathrm{W}$-complex shape dominate , (i.e. finite CW-complex
27
$P$ shape morphisms $\mathrm{f}:Xarrow P,$ $\mathrm{g}:Parrow X\mathrm{s}.\mathrm{t}$ . $\mathrm{g}\circ \mathrm{f}=\mathrm{i}\mathrm{d}_{X}$ :
) . , shape ‘bad ’
, Edwards-Geoghegan Problem2




, , [Va], [Mi],
$[\mathrm{F}\mathrm{e}_{2}]i$ [Fe-Ra] .
Geoghegan [Gel I Probleml elementary proof ,
, Problem2 elementary
proof ( ?) Guilbault [Gu]
. , the category towers of finite $\mathrm{C}\mathrm{W}$-complexes Wall’s
finiteness obstruction . , Wall
, $[\mathrm{F}\mathrm{e}_{1}]$ towers of finite CW-complexes
.
1.1. Let $\{K_{i}, f_{i}\}$ be atower offinite complexes such that $pro-\pi k(\{Ki, f_{i}\})$ ,
$k\leq n$ , are stable and $pro-\pi n+1(\{K_{i}, f_{i}\})$ satisfies the Mittag-Leffler con-
dition. Then there exists a tower $\{L_{i}, g_{i}\}$ of finite complexes equivalent
to $\{K_{i}, f_{i}\}$ such that each $g_{i}$ is $(n+1)$ -connected.
Moreover, passing to a subsequence of $\{K_{i}, f_{i}\}$ and relabeling (if neces-
sary), we may assume that
(1) each $L_{i}$ is obtaining from $K_{i}$ by inductively attaching finitely many
$k$ -cells for $2\leq k\leq n+2$ ,
(2) each $g_{i}is$ an extension of $f_{i}$ such that $g_{i}(K_{i}\cup(new$ cells of dimension
$\leq k))\subset K_{i-1^{\cup}}$ ($new$ cells of dimension $\leq k-1$ ) $)$ .
, [Fe2], [Fe-Ra] infinite telescopes
:
12 Let $\{K_{i}, f_{i}\}$ be atower offinite $CW$-complexes Suppose that
$\sup\{\dim Ki\}<\infty$ and $pro-\pi_{k}(\{K_{i}, f_{i}\})$ are stable for all $k$ . Then there is
a well-defined obstruction $\omega(\{K_{i}, f_{i}\})\in\tilde{K}_{0}(\mathbb{Z}[\check{\pi}_{1}(\{K_{i}, f_{i}\})])$ which van-
ishes if and only if $\{K_{i}, f_{i}\}$ is stable.
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13 Let $G$ be afinitely presenied group and $P$ afinitely gener-
ated projective $\mathbb{Z}[G]$ modules. Then there exists a tower of finite, 2
dimensional complexes $\{K_{i}, f_{i}\}$ such that
(1) $pro-\pi k(\{Ki, fi\})$ are stable for all $k$ ,
(2) $\check{\pi}_{1}(\{K_{i}, f_{i}\})\cong G$ , and
(3) $\omega(\{K_{i}, fi\})=[P]\in\tilde{K}\mathrm{o}(\mathbb{Z}[G])$ .
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2 Extension dimension and cohomological
dimension




2.1. $X$ CW-complex $K$ , e-dim $X\leq K$ ,
$A\subset X$ $f$ : $Aarrow K$ ,
$.\text{ }$ $\tilde{f}:Xarrow K$ s. $\cdot$t. $\tilde{f}_{A}=f-$ .
.
. ,
(i) e-dim $X\leq S^{n}\Leftrightarrow\dim X\leq n$ ,
(ii) e-dim $X\leq K(G, n)\Leftrightarrow\dim_{G}X\leq n$ .
CW-complexes $K,$ $L$ , $K\leq L$ , compact $X$
, e-dim $X\leq K$ e-dim $X\leq L$ . $\leq$
$\sim$ : $K\sim L$ , $\mathrm{X}$
compact $X$ , e-dim $X\leq K\Leftrightarrow \mathrm{e}-\dim$ $\mathrm{Y}\leq L$ ,
$K$ extension type of $K$ $\mathrm{A}\mathrm{a},$ $[K]$ . ,
$[\dot{K}]\leq[L]\Leftrightarrow K\leq L$
extension tyPe .
, compact $X$ extension dimension :
e-dim $X= \inf\{[K]|X\tau K\}$ .
, e-dim , , –
. .
Dranishnikov [Dr2] ‘Hurewicz theorem
in cohomological dimension theory’ :
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2.1. compact $X$ simple complex $K$
:
(1) $X\tau K$ ,
(2) $X\tau SP^{\infty}K$,
(3) $\dim_{H_{i}(K)}X\leq i$ for every $i\geq 1$ ,
(4) $\dim_{\pi:()}.Kx\leq i$ for every $i\geq 1$ .
Shchepin [Sc]
. 100
( ) , . Dydak
[Dy] ,
.
22. Suppose that $L$ is aconnected $CW$-complex and $n\geq 0$ .
(1) If $\Sigma^{n}(SP^{\infty}(L))$ has the extension type of a countable, finite-dimensional
and nontrivial $CW$-complex, then either $SP^{\infty}(L)\sim K(\mathbb{Z}_{(\ell)}, 1)$ or
$SP^{\infty}(L)\sim K(\mathbb{Q}, m)$ for some $m\geq 1$ .
(2) If $\Sigma^{n}(SP^{\infty}(L))$ has the extension type of a compact CW-complex,
then either $SP^{\infty}(L)\sim S^{1}$
,
:
1. $S^{n}$ and $K(\mathbb{Z}, n)$ are of different extension type for $n\geq 3$ (Dranishnikov
$[\mathrm{D}\mathrm{r}_{1}])$ .
2. $S^{n}$ and $K(\mathbb{Z}, n)$ are of different extension type for $n\geq 2$ (Dydak-Walsh
[Dy-Wa] $)$ .
3. $M(\mathbb{Z}_{p}, n)$ and $K(\mathbb{Z}_{p}, n)$ are of different extension types for $n\geq 1$
(Miyata [Mi]).
4-. $M(\mathbb{Z}_{2},1)$ and $K(\mathbb{Z}_{2},1)$ are of different extension types for $n\geq 1$ (Levin
[Le] $)$ .
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5. $RP^{n}$ and $RP^{\infty}$ are of different extension types for $n\geq 1$ (Dranishnikov-
Repovs [Dr-Re] $)$ .
Hurewicz theorem in cohomological dimension theory
cohomological dimension theory localization theory
.
localization theory [Yo] .
:
2.3. Suppose that $X$ is afinite-dimensional compactum and $K$ is a
simple complex. Then the followings are equivalent:
(1) e-dim $X\leq K$ , and
(2) e-dim $X\leq K_{(p)}$ for all prime numbers $p$ .
localization
. , Hurewicz theorem in cohomological dimension theory





. , 23 :
2.4. compact $X$ ,
$e^{*}-\dim X\leq K=e^{*}-\dim X\leq K_{(p)}$ for all prime numbers $p$ .
, e-dim $X$ $e^{*}-\dim X$ ,
. – $S^{n}$
.
25. compact $X$ ,




2.1. $CW- comp\iota exK$ , $e^{*}-\dim X=[K]$
compact $X$ ?
25




$[\mathrm{D}\mathrm{y}-\mathrm{K}\mathrm{o}],[\mathrm{B}_{\mathrm{o}\mathrm{e}\mathrm{D}-}- \mathrm{y}\mathrm{J}\mathrm{i}-\mathrm{K}\mathrm{o}_{-\mathrm{S}_{\mathrm{C}}}]$ Borsuk-Sieklucki The-
orem .
26 Let $X$ be a compact $ANR$ and let $G$ be an abelian group Let
$\{K_{\alpha}\}_{\alpha\in A}$ be a pairwise disjoint family of closed subsets $ofX$ . If $\dim_{G}X=$
$n=\dim_{G}K_{\alpha}$ for all $\alpha\in A$ , then A must be countable.
principal ideal domain , $\mathbb{Z}_{p^{\infty}}$
‘Descending chain condition’
. , extension dimension




23 Let $X$ be acompact $ANR$ and let $K$ be acountable CW-complex.
Let $\{X_{\alpha}\}_{\alpha\in A}$ be a pairwise disjoint family of closed subsets of X. If $e^{*}$
$\dim X=[K]=e^{*}-\dim x_{\alpha}$ for all $\alpha\in A$ , then must $A$ be countable?
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3Topics from embedding problems
3.1. For every $n$ -dimensional metric space $X$ there exists $n+1$
metrizable spaces $X_{1},$ $\cdots$ , $X_{n+1}$ of dimension one such that $X$ can be
embedded into the (Cartesian) product $X_{1}\cross\cdots\cross X_{n+1}$ (see $[\mathrm{N}\mathrm{a}_{1}]$ ).
[Na2] ;
3.1. Is it true that for every $n$-dimensional metrizable space $X$ there
exists a system $X_{1},$ $X_{2},$ $\cdots$ , $X_{n}$ ofmetrizable spaces of dimension $\leq 1$ such
that $X$ is homeomorphic to a subset of $X_{1}\cross X_{2}\cross\cdots\cross X_{n}$ ?
. Borsuk [Bo] (
) . ,
32 The product $X\cross \mathrm{Y}$ of two one-dimensional compacta $X$ and
$\mathrm{Y}$ does not contain a copy of the 2-sphere $S^{2}$ .
J. Dydak [Dy-Ko] $S^{2}$
2 1 compact
:
33 Let $X$ be an $n$ -dimensional compactum. If there $e\ovalbox{\tt\small REJECT} st_{S}$ an
abelian group $G\neq 0$ such that $\check{H}^{1}(x_{;}G)=0$ but $\check{H}^{n}(x_{;}G)\neq G$ , then
$X$ cannot be embedded into the product of any two one-dimensional com-
pacta.
, , 2
, 2 1 compact
. , Borsuk ,
W. Kuperberg [Ku] , ‘ $n$ $M$ , $\pi_{1}(M)$
, $M$ $(n-1)$- compact 1- compact
’ . ,
. , $‘\pi_{1}(M)$
’ , compact ,
.
, J. Krasinkiewicz S. Spiez
:
36
3.4. Let $X$ be an $n$ -dimensional compactum. If the rank of $\check{H}^{1}(X)$
is less than $n$ and $\check{H}^{n}(X)\neq 0$ , then $X$ cannot be embedded into the
product of $n$ one-dimensional compacta.
, $\text{ }.$’the Klein bottle 2 1
compact .
. , . ,n 1 compact
$n$ compact
. , $n$-dimensional herede-
tarily indecoomposable conttinua, $n$ 1 continua
[Po], mod2 Pontrjagin surface 2
1 continua [Ko-Kr-Sp]. – ,
Borsuk ( 32) , compact ,
.






, ,the Klein bottle 2 1 compact
.
:
3.5. $A$ nonorientable compact connected surface $M$ can be embedded
into the product of two graphs if and only if the Euler number $\chi(M)\leq-4$ .
2 .
Fact. compact $M$ 2 ,
$M\# T$ 2 .
.
3.1. 2 nonorientable compact con-
nected $M$ Euler character $\chi(M)$ $-4$ , $-5$
.
37
compact – ‘ ’
, Euler character $\chi(M)$
$-4$ , $-5$ , 2
nonorientable compact connected $M$
Euler character ,
. :
$L$ triangulation $\mathcal{T}$ $m$ , $K_{1},$ $K_{2},$ $\cdots,$ $K_{s}$ $\mathcal{T}$
$n$ . $K_{1},$ $K_{2},$ $\cdots,$ $K_{s}$ amalagamated
sum , $K_{1},$ $K_{2},$ $\cdots$ , K $n$
,
$K_{1}\mathrm{u}K_{2}$ . . . $\lfloor\lrcorner K_{s}$
.
3.1
$K_{4}$ $a,$ $b,$ $c,$ $d$ . 4 :
$\dot{S}_{1}=\overline{ab}\cup\overline{bc}\cup\overline{ca}$ , $S_{1}’=\overline{ab}\cup\overline{bc}\cup\overline{cd}\cup\overline{da}$
$S_{2}=\overline{b_{C\cup C}}\overline{d}\cup\overline{db}$ , $S_{2}’=\overline{ab}$ $\cup\overline{bd}\cup\overline{dc}\cup\overline{ca}$ ,
$M_{1}=S_{1}\cross S_{1}’$ and $M_{2}=S_{2}\cross S_{2}’$ .
$M=M_{1}\mathrm{u}M_{2}\subset K_{4}\cross K_{4}$
$\chi(M)=-4$ nonorientable compact con-
nected $M$ .
$K$ $a,$ $b,$ $c$ , $v$ . 3 :
$S_{1}=\overline{va}\cup\overline{ab}$ $\cup\overline{bv},$ $S_{2}=\overline{vb}\cup\overline{bc}\cup\overline{cv},$ $S_{3}=\overline{vc}\cup\overline{ca}\cup\overline{av}$ ,
,
$N=S_{1}\cross s_{1}\mathrm{u}s_{2}\cross s_{2}\mathrm{u}s_{s}\mathrm{X}S_{3}\subset K\cross K$
$\chi(N)=-5$ nonorientable compact
connected $N$ .
nonorientable compact connected $M$ $K$
$K\mathrm{x}K$ . $K$ triangulation $\mathcal{T}$
38
$\text{ },$ $K\cross K$ Cell StruCture
$\tilde{\mathcal{T}}=\{\tau_{1^{\cross \mathcal{T}}}2|\tau_{i}\in \mathcal{T}, i=1,2\}$ .
.
(1) $M$ $K\cross K$ (cell structure $\tilde{\mathcal{T}}$) subcomplex ,




3.2. nonorientable compact connected $M$ 2
, Euler character $\chi(M)$ $\leq-4$ .




3.6. If an n-dimensional manifold is embeddable into the product of











3.2. Does there exist acontraciible $n$ -dimensional continuum which
cannot be embedded into the product of $n$ one-dimensional compacta?
’
In particular, can every $n$ -dimensional $AR$ be embeddable into the prod-
uct of $n$ one-dimensional compacta?
39
, $\mathbb{R}^{2n}$ contractible
$n$-dimensional continua [$\mathrm{R}- \mathrm{S}-\mathrm{S}|$ , [R-S].
, $n$ compact
?2 (ii) , 3
[Zh].






$X$ $n$ $SP^{n}(X)$ , $n$ $S_{n}$ $X^{n}$
. $X^{n}$ :
$(x_{1}, \cdots, x_{n})\sim(y1, \cdots, y_{n})\Leftrightarrow$
$\sigma\in S_{n},$ $(y_{1}, \cdots, y_{n})=(x_{\sigma(1)}, \cdots, x_{\sigma(n)})$ ,
.
$\mu$ Menger curve , $sP^{n+1}(\mu)$ $u^{n+1}$ coPy
, 31 :
‘ $n$ compact $SP^{n+1}(\mu)$ ’
. $\mathrm{I}\mathrm{l}\mathrm{l}\mathrm{a}\mathrm{n}\mathrm{e}\mathrm{s}-\mathrm{N}\mathrm{a}\mathrm{d}\mathrm{l}\mathrm{e}\mathrm{r}[\mathrm{I}- \mathrm{N}]$ Borsuk
32 :
34 (Question83-14). Is there $a$ one-dimensional continuum $X$ ,
such that the 2-dimensional sphere $S^{2}$ can be embedded in $SP^{2}(X)$ ?
. ,
33 $S^{3}$ 3 1








3.7. Let $X$ be atwo-dimensional compactum. If the rank of $\check{H}^{1}(X)$
$is\leq 1$ , then $X$ cannot be embedded into the symmetric product $SP^{2}(Z)$
of any one-dimensional compactum $Z$ .
$SP^{2}$ 2 ,
, Klein bottle 1 compact $Z$ $SP^{2}(Z)$
. $H^{2}(SP^{2}(\mathrm{V}s^{1}))$
.
3.3. $SP^{2}(s^{1})$ is homeomorphic to the M\"obus band.
Therefore $H^{1}(SP2(s1))=\mathbb{Z}$ and $H^{2}(SP2(s1))=0$ .
Lemma 33
.
Proof. We may identify the 1-sphere $S^{1}$ with the quotient space $[0,1]/\{0,1\}$ .
The torus $T=S^{1}\cross S^{1}$ is obtained as the identification space [0.1] $\cross$
$[0,1]/\sim$ , where $(0, t)\sim(1, t)$ and $(s, 0)\sim(s, 1)$ . Then the symmetric
product $SP^{2}(S^{1})$ can be obtained as the identification space:
$\triangle_{1}=\{(s, t)\in[0,1]\cross[0,1]|s\geq t\}/\sim$ ,
$(s, 0)\sim(1, s),$ $s\in[0,1]$ and $(0,0)\sim(1,0)\sim(1,0)$ .
Therefore $SP^{2}(S^{1})$ is the projective plane with a hole, that is, the M\"obus
band.
Next we shall specify a presentation of $H^{1}(SP2(s1))$ . We shall use
the following notation: Let $\varphi$ : $[0,1]\cross[0,1]arrow SP^{2}(S^{1})$ be the natural
projection.
$X_{1}=\varphi$ ( $\{(s,$ $t)\in[0,1]\cross[0,1]|1/3\leq s\leq 2/3,$ $t\leq s-1/6$ and $t\geq 1/6\}$ ),
$X_{2}=\overline{SP^{2}(S^{1})\backslash X1}$ and $X_{0}=X_{1}\cap X_{2}$ .
Under this consideration we shall identify $S^{1}$ with the image $\varphi([0,1]\cross$
$\{0\})=\varphi(\{1\}\mathrm{x}[0,1])$ .
Then we consider the Mayer-Vietoris sequence of reduced cohomology




here $i_{1}$ : $X_{0}arrow X_{1},$ $i_{2}$ : $X_{0}arrow X_{2}$ are the suitable inclusion maps. Since
the induced homomorphism $i_{2}^{*}$ : $\tilde{H}^{1}(X_{0;^{c)}}arrow\tilde{H}^{1}(x_{2;}G)$ corresponds
with the homomorohism $\varphi$ : $G\oplus Garrow G$ given by $\varphi(g_{1}, g_{2})=2g_{1}+g_{2}$ ,
the above sequence can be reduced to the following sequences:




In fact, by the inclusion-induced homomorphism,
$H^{1}(SP2(s^{1});G)\cong H1(s^{1}; c)$
finite bouquet of 1-spheres $\mathrm{V}_{i=1}^{n}$ Si 2 .
Lemma 32 $\bigvee_{i=1}^{n}$ Si the quotient space $[0, n]/\{0,1, \cdots, n\}$
– . , $SP^{2}$ ( $\mathrm{V}_{i}^{n}=1$ Si) idefication space of the lower
triangle :
$\Delta_{n}=\{(s, t)\in[0, n]\cross[0, n]|s\geq t\}$ , and
$(s, \mathrm{O})\sim(s, 1)\sim\cdots\sim(s, i)$ if $i\leq s\leq i+1,$ $i=0,1,$ $\cdots,$ $n-1$ ,
$(j+1, t)\sim\cdots\sim(n-1, t)\sim(n, t)$ if $j\leq t\leq j+1,$ $j=0,1,$ $\cdots,$ $n-1$ ,
$(s, i)\sim(i+1, s)$ if $i\leq s\leq i+1,$ $i=0,1,$ $\cdots,$ $n-1$ .
$\varphi$ : $\triangle_{n}arrow SP^{2}$ ( $_{i}n=1$ Si), the identifaction map
. pair $i,j=0,1,$ $\cdots,$ $n-1,$ $i\geq j$ ,
$T_{i,j}=\varphi([i, i+1]\mathrm{x}[j,j+1]\cap\triangle_{n})$ .








Proof. We shall show by the induction on $n\geq 1$ . Lemma 3.3 gives the
case $n=1$ . We assume that for case of $n\leq k$ , where $k\geq 1$ , we obtained
the isomorphism:
$(h_{i,j}^{*})$ : $H^{2}(SP^{2}(\vee^{s)}i; G)\cong\oplus i\neq jH2(\tau i,j;c)i=1$ ’
where $h_{i,j}$ : $\tau_{i,j}arrow SP^{2}(\mathrm{v}^{k}i=1S_{i}),$ $i\neq j$ , are suitable inclusion maps.
We shall consider the case $n=k+1$ . Note that
1
$SP^{2}( \text{ _{}\bigvee_{1},=}.Si)=SP^{2}(i=\mathrm{v}_{1}Si)\text{ }\cup(\bigcup_{j=1}^{\text{ }}T_{\text{ }+}1,j^{\cup}SP^{2}(S\text{ }+1))$ .
Then $\bigcup_{j=1}^{\text{ }}T_{k+1},j=S_{\text{ }}+1\cross(\mathrm{v}^{\text{ }}j=1Sj)$ and $( \bigcup_{j=1+1,j}^{k}\tau_{\text{ }})\mathrm{n}sP2(s_{k+1})=$
$S_{k+1}$ . Hence $H^{2}( \bigcup_{j}^{\text{ }}\Leftarrow 1\text{ }+1\tau,j\cup SP^{2}(s_{k+}1);G)=\oplus_{j=1}^{\text{ }}H2(T\text{ }+1,j;G)$ . Let
us consider the Mayer-Vietoris sequence of reduced cohomology groups
of the pair ($SP2$ ( $_{i=}k1$ Si), $\bigcup_{j=1}^{k}\tau \text{ }+1,j\cup sP^{2}(sk+1)$):
$0=\tilde{H}^{0_{(c)}}j=\text{ }1S_{j;}arrow\tilde{H}^{1}$ ( $sP^{2}$ ( $\text{ }i=1\vee+1$ Si); $G$) $arrow$
$\tilde{H}^{1}(SP2(i=Si);G)\text{ }1\oplus\tilde{H}^{1}(\cup T\text{ }+1,j\cup j=\text{ }1SP^{2}(S$ $+1); G)^{u^{*}}arrow-v^{*}(\tilde{H}^{1}sj;G)j=1\text{ }arrow$
$\tilde{H}^{2}$ ( $SP^{2}$ ( $\mathrm{v}\text{ }+1i=1$ Si); $G$ ) $arrow\tilde{H}^{2}(SP^{2}(\vee^{s_{i});G)}\oplus\tilde{H}2$ ($\cup T_{k}+1,j\cup i=\text{ _{}1j=1}\text{ }SP^{2}$ (S +1); $G$ ) $arrow 0$ ,
here $u,$ $v$ are suitable inclusion maps. Then the homomorphism $u^{*}-v^{*}$
is clearly epimorphic. Hence
$\tilde{H}^{1}$ ($SP2$ ( $\text{ }i=1\mathrm{v}+1$ Si); $G$) $=Ker(u^{*}-v)*\cong\oplus\tilde{H}^{1}(T_{i,j}; G)i\neq j$
and










35. $n$ $S^{3n}$ $n$ compact $X$
$SP^{3}(X)$ ?




39 The symmetric product $SP^{2}$ (,$\mathrm{V}_{i}^{3}=1$ Si) cannnot be embedded into
the Cartesian product of any two one-dimensional compacta.
44
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